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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a zoom lens of high performance including 
a wide angle area with a small number of lens components. 

SOLUTION: This zoom lens is composed, in order from the object side, of a 
first group Grl having a negative refractive power, a second group Gr2 
having a positive refractive power and a diaphragm S. The first group Grl 
is composed of a first lens Gl having a negative meniscus shape confronting 
the object side and being a GRIN ( gradient-index objective) lens having 
aspherical shapes on both object side and image side. The second group Gr2 
is composed of a second lens G2 being a positive meniscus shape whose 
convex surface confronts the object side and a second lens G2 being a GRIN 
lens having aspherical shapes on both the object side and the image side. 



PUB. NO. : 
PUBLISHED: 
INVENTOR (s) : 
APPLICANT (s) : 

APPL. NO. : 
FILED: 
INTL CLASS: 
JAPIO CLASS: 



t. 



m 
o 
rr 

o 
r- 
o 

CD 

•< 
o 



— ^ 

CO 



2 



rr 

3D 

ro 
go 
o 
o 



C£3 



(19)B#B4$ftt=? UP) 



«2> & BB «F ft ^ « <A) 



#|PFR0-3037 

(43) ^HB ¥JS10¥(1998) 1£6B 



(51) IntCL 8 
G0 2B 15/16 
3/00 
13/18 
15/20 



F I 

G 0 2 B 15/16 
3/00 
13/18 
15/20 



6 OL (<£15H> 



(21)ttlH#*t 


4$K¥8- 153928 


(71)fflKA 


000006079 










(22)fflJ£B 


¥«8^(1996)6^14H 




*E^^Em**KS±BT=Te 3 #13^ 














(72)#H# 


wet mm 








^ETtt*ifeK*±i»r=Ti3#i3^ *r 











(54) BSE©**] X-AI/>X 

(57) immi 

GRI Nl^>X-C*>S^l^^XGlltSc*^«{£$tlT 
N U y XX'h hW. 2 U >XG2 1 tfc*»4>»fRS*lT ^ £ . 



rl r2 




Grl 



ml 



m3 



( 2 ) nmW- 10-3037 



[11**1 1 mteMfrwmz. ncornvrjii^-tzm. 
i>ty>fomizmwztitct$imt . jE*>s!*wj**r*-*«i 
em i »«=«< gs 2 « t **MMgw>p yx»a>fc$r 
^*<kt«rraii»fc«nE»2»<offi«iiii«s:aj 

* & Z t "CSEffiF&fr 0 X- A v y Xfcfc V vc . 

^i^twmz&T<Di&?m2ti&mifim#ifi5i\s yx 
i *o<?>mmmmx'h z>zkz%mt~?& x-m, v y 

X ; 

N(r) = NO + Nl-r* + N2-r 4 + N3-r 6 + N4r8 •■• 

no :tm±<r>mmm. 

Ni <i=l,2.3 • ■) : 2i&<0Hffr*#*MMR. Tftft. 

c it^JS 2 ] liri ess i sfawmB* 2 *ti*ti 1 
tc<o p yxcflus u; £ t * wat . m$jh 1 son 

■f&m^m 1 tei^x-A u yx ; 

-5.0 < sgn(<£G )-Nl /<£G 2 < 10.0 

sgn(<£G ) : JSJ^#^ai^X£^trU:xXP«OJg#r 

+ 1 , mifrm^muyx^tiuyxm 

ni : mmm^mu>x^2<xcomifTm^mm. 
<t>G ■. mmm^muyxcomtn^i. t**. 
[19**4] ft«s»A>)iitc. McomifTDzii-tzm. 

mmimizM<m2mt£-ktfmswu>xMfrt>% 

ft £ £ .1 i: TSMSf Sr fi= 3 X—J± \s yXlzts V , 

i/yxtti-&tmz, m2mz^&ti& immizit 

N(r) = NO + Nl-r 2 + N2-r 4 + N3-r 6 + N4r 8 ••■ 

r : 3K«|fc*f LTSit^^[fi]<7)iS$ . 
NO : 3fl*Jttf>JB3f4s* 

Ni (i=l,2,3- ••) :2i<JCOJffi»fJWMBfla8c. T'S>.|>. 
[|»*3S5] HifE»2»C«tff*»^au>'XSflli 
* i: fc fc: . «nKJBW**W&fflU ^X^^r < t» 1 o 

-10.0 < Nld2/<£2 2 < 5.0 (4) 

NW2 : S^P+OSi^^Sl^X^dSSUCtt-f £ 2 

^2 :m2m<^mmjj. x-h&. 



CHW&I6] WEIII2»«0«»fJMWaiuyXtt, * 
<04*Sr < fc l ooB*9N«iirc* s i t * t -t 

m?mAim<r>x-2±\s>x. 

[000 13 

* X- A 1/ yXlzm-t h . 

[00 0 2] 

fc^SftSX— AUyXfciisivtW:. nxh^y-^ 

yX(GRINI/yX)tln4;i:KJ:i5, JRHMIE* 
tlX\^h. 

[00033 M*.ti!* «RPP2-79013*£«fc:«:. tt* 
M*»4>JKfc:, ft<0B«f**iTf4IBlWfc» jE<0JB»Mj 
tt-fh%i2mtfrt>ti:&X-A>]/>Xt l zn\^X, M2 
8CGRI NUvXSrffl^T. H ll¥St/l^2S¥Sr^ix 
m2ft«i/ yxt« L/c Wli? tix v ^ . 

[00043 4fc. WRPF2-56515^«lca, 
3&»6»c, ©<oa*f*SriW4S51Si:, jE^aSf**' 
*^4JS2Pfc36»^!3r«)X— ^U>XC*JV^. SIP 
SVIB2ffiPi:GRiNi/yxjfflv^. lfe^u-y 

[ 0 0 0 5 ] *sfc. »HPF2-124509#^«Ktt. 
*>4>*t=, ftc7)®lff^5:*-ri.miSli:, jEOBlff** 
*»2»t*»4>«:4X-AUvXfc:tJV^s illW 
»tfiB2WteGRI Nl/yXfcfflOt, #ffifltfc«Ol^y 
XTflUSLfcWOTJHjStf^rv^* . 

[00063 

[^BJ*^LJ:ot-r.S>iSli3 L*>L*3&»fe. «fflPF 

2— 79013-^^fg^lBi8tOX-Al^>-XT'i±, GR INI' 
yXimffiX'fo&tzlsblz. lRMffliE<50eSJKA^^.L. 

spwwjaaiajkS: 1 tsctTS =s:v vo-c, i^ >x«jstas* 

[00073 ifc. WI»¥2-56515f^«S.tfWBIi 3 F2-l 
24509-f-^fgtCie^X-AUyXT'ti, iiX^tGR 
INP^XWSRBHifcJiT^P^XTftifcftK. l^>- 

[00083 jaa^j****^^, x 

tttg^x- a u yxwee* ^mmmx-mm^z ztiz 
. 

[00093 

tfi^si^ieajiox-Ai^vxti, m&Mfrt>m 



> 
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Km 1 » t MieSS 2»oa£iWBW*3B5fl;3-£* £ i: "CK 
fg£fi^X-A^yXt;:fcu-C, v^-rix^tfOff^UJlT^ 
#C*Sft4ffllff*#^l'>'X£-atrfci:fcfc:. tiTIE 

[00 10] 

N(r) = NO + NIT* + N2-r 4 + N3r 6 + N4-r 8 ••• 

r : #*M=*f LTSiS3r:fr|ft|tf>ftS . 

NO : fflS\±cr>miftm. 

Ni (i=l,2,3 --) : 2i&0>mifr&ftl5fm. X'fo&. 

[ooii] ^5t. is^4£»ox— Ai^xa. « 

*<i:fcWIE»l»kffi^2^aE«|lBIB*SBfl:S-* 

-f *2m:**ft4lo»lHfc:#J*K£Jflv> 
[00 12] 

N(r) = NO + N1t2 + N2-r* + N3t"6 + N4-r<> ••• 
NO : 3Hfct<DH#r*. 

Ni <i=i,2,3- ■ ■) : 2i&commmttitiim. tas. 

[00 13] 

mwcommcoMm) jar. *»w*ii»Lfcx-Au 

JGU JI^«<W)T<0UyXffiB*iSL'O*S. ^ri5. 
fltfH 3 *i 4 X- A U y XT* I) . 

[0014] minm.m3izt3^x. mmm^mm 

2mr2t, n^stip^mm^tLx^t. 04 £ 

m4Hjfe^®^x-A^>'X(±, ftftfffla^ji 

ft<OJB*Mj£3T*-£S5lS¥Grli:. jE<0H*Mj*W 
TSSfS2PGr2i:, jEtf>®«W£3Tf 4JB3SGr3fc s R 

[00 15] Hi wmiKEStWWtcfcv^r. ISi»Gri 

N(r) = NO + Nlr 2 + N2-r» + N3r« 

NO : 3B«Jbtf>JBifr*. 

Ni (i=l,2.3- ■) : 2i&<0SW^ffi«», (1) 
^USS^ffiiOX-Al^^XtClEB^aJtGR I N 



XGlltfcfr&lftSSflTV**. 4fc, JB2»Gr2tt. % 

fc t^flMWGR I KWXX'hhW.2\/VXKl\ 
ftA>£>fltj£§*VO^. BUfcfeWC. mlMm3 
H\ J£ft**»feaiaSB^)X-$y^lBW), #l/VX8f 

[00 16] H2<3*2W»B!Bfc*JVvc. ^lSfGrl 

x^omii^yXGii:. ^«sfflytfiffi*r6](t3tiE^- 

X^X®ttT««ffi3&^N«ffltrab 2 >-XG2*>£>f» 
j£ $ *VC V 6 . ^XGlSl/m 2 VXG2J2 , \ v? 

tit. ^mmvvxx'hh. ttz. m2&Grm. m 
fomi,ztiffi*mftzJE*-x*x&ttX'mftmRtfmw 
ti>imwx'hh%i3]syx&frt>m$L%tix\^. m 

2fc*3UT, mlMm3li, j£fcSfc&»fcai«W)X- 

$ y^ogtcT), &uyxmRvn<o ( 7 ) &mzmi&mz$k 

[0017] m3cow>3msmm\izn^x, mpGri 

xmv&mi uyxcifc, ^flfcflffl^rsjft^ft^- 
x^x^6om2l^yXG2fc. 1*i*WIIfc:ei®*i*jftfcjE 
^-X^X^^31/>-XG3^A>ffi^$ilTf>l.„ 31 

\Timm3v>x\i^ \,^Ttii>. i^mumiyyxx'h 

b. Jj?2pGr2(i, &^JCi5iiB&|ft]ltfcjE.X- 

X#X^t3*lttHfttfl»Wfc t, K3l3Rii8Btttf>G R I 
NlxVXT'J>l.m4PVXG4*^ffl^$iX-g.„ 03 £35 
Wt, mlJgmSIl l£ftJHa»S>2jBS<iDX- 5 

com<7), &uyxmRism<7)&mzm$mzikLx^ 

[00 18] H4«IMiai0B!lifc33VVC, mf¥Grl 

t>'««it t)«ii«(7)GR iNuyxx-htmiuy 

XGUttj&»^aWtS*l&. ^2^Gr2{i, MWfg 

^SWRWGR I Nl^^XfS>.S>S52^>'XG2*^« 

f$,ztix\^z>. tti. m3PGr3(i. vifcmizm^m 

«<7)||3U>-XG31^C*^«fig:$ixTV^. SS31/VX 
G3Ji. fej«^«l/>-XT-S)S„ H4lCfcV^T, mlM 
m4fi, JSftS*^MSSOX-5^^co^c7). 

[0019] wiinmwiAmjimmnx-^uyxizWi. 

+ N4t 8 — (1) 

l/yx*^ w^X^JBW**«3Kilifcail?0r*i«ifc:SWI:^ 

S^-f T(T>GR I Nl/yXf^xT^GR I NU>X)T 
ASdhSr^rf. JaTOiMBflt^v^T . GRIN 
uyxcomii. y^T^GRiNuyx^m-tiiCot-f- 
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[0 0 2 0] $&k£ r ). SffiS^UCTfiWGR I Nl/ 

esign of a gradient-indexphotographic objective" , 
Appl . Opt. , Vol . 21 , 1982, 993-998 &CiB©**f2#> htl 

4). x— Auyxtcov^-ctraaioifcj&^i. x- 

A 1/ yXfcfllJfc*- I, 1/ yXUS: *tl?tl G R I N U VX 
1 8cT1»S L X o b » 3 <WK16*>«Efctt-$-* 

WHvbZ) g fcjfc&tfc 0 =firv ^ fc *»!?> . JDa8MIE*cpTsrifi 

[002 1]—*. X-AP^XSrW^-rS^VXgf^ 

IE Lfc 0 , ^ -v V A-;MtJ£ffljiE Lfc 9 £ *«"CS 
SrVVTTC. yXS¥£ 1 ttT*RiW-.& CI t fcfc^Tffit** 

4«Sr < b h 2 V y X (IE V V X 1 & fc ft 1/ y X 1 ft) 

[0022] i^itstL-c. &m$mmv>x-j±\syx 

It. vyxmzGRiNXsyxzm^&bb^z, z<?) 
GRlNk yXf>>J?Zc <bh\ mZftWmb LT v ^ * . 

tftt&ii t , x-a u yxsrMt§ u yxcomkimm 
4. ttz. ismauzx-jx. x-au 

yXcr>&m 1 tSc-CW* L&tf^PflJtT'ilEf^&X 
[ 0 0 2 3 ] iW=, #HSS®«c7)X-A^yX>'}||J£-r 

uyXizm^kti&GR i Ni/xXMt. JaiT^fefr* 

-5.0 < sgn (0G ) • Nl />G 2 < 10.0 (2) 

sgn ( <£ G ) : GR I yX£-£ti V yXfflfOJgJff 

ftco i: # + 1 s GRIN1/ yXZStsls yXfficomVrjl 

tflEcobZ-1. combft&'U*—?. 

Nl : GR I NUyX<7) 2 »^)JB*f . 

^G : GRI NUyXcomiftlJ. "C*4. *tta*(2) 

GR I NUyXZm^zlsyXfficO't.-yVS-s-tl'mffiE 

GR I Nl/yX£J:4^-y>y/Wl/^T£a*ffliSfc&4 

[0024] &mmmcox— j^vyxcr>x a 
■5. 'J?%<bi>&imbm2fficr>gm£imz$nkz-£z> 



Z-bXm&t'ffO X-2±uyXi,zii^X\i, 3fc¥3&orj 

iltf>*KE*»fflKi:$r9. »2»0*jfi8dR#3K$roT 
[0025] HS2»«riMll'yXO*"C«JfiLft; 

H2S+KU. effiT'LIEU->-Xtmi/>'X<7)2lS:<OP 
yXifi££Tt> ~> tz . Ufctfo T . JS 2 S(Ct±£tt 4: L 
tifitt 2ft«ouyX^i:^tv*. JSLhcoJ: 
■5 3rSHf*> 6 » ^Ktt««f tfCli . m 2 1 ttTflftS 

•r s i k tt^«fc§ffliT* -> «: . 

[00 26] iixtcMtr. S2fftGR I NUyXte 
fflv^ifcti"). IS2S^i/yx«^<7)fflM*^# 
§ix4. L*»L=5r**fe. fS2»«OJBJf*36^N?jft:av^ 
t*^. SRBifcJlT^GRi Nl^yX-eti+^e 

S^4 mm&m<r)X- a u yx^ii , ^>)itc . 

b. *%tsmwuyxmfrt>m®.%ix, &%<bi>m 

ffdX-AUV'XttJ^-C, S52P£(l)5$-C'St$fX& 

id^rGR i Ni/yxtn>4tjyc. ktegrinU' 

[0 0 27] S2SfCIV^GRINl/yXll J^T«0 

-10.0 < Nld2 /02 2 < 5.0 (3) 
JfcrtfU 

Nld2 : ®2Sftf£7)GR I Nl/yXc7)cl^^-rS2<^ 

<^.2 : Jg2Pc7)g$f^. *fr*(3)«. ^2P 

tftfflVS GR I N)syX<?>JffiT&ftttzm-t%>i>cr> 
X\ ±tSftT<0^. v •yC-/MMiiiE*f? 3 t&XT&ffi- 
X'hh, *fWt(3)W±BR*tt^.fc*&fc:«. P^-y 
>y yc- a* *«iE tc^c * < =Sr o T L t v \ S 4 L < * v % . 

*fr*(3)^)TK**ifc»^fc«. GR I Nl/ 
yXt ii^yy^ <-;U!BflmE*«3i* b % h b *tc . @ 

[0 0 28] jBl»teGRIN^yXfcJBVVfc*£fc: 
WRiNi/yXIl J3lT<o*fr*(4). (5). 
(7) fctfaiU^. 

[00291 0 < H < 0.5Hmax ^IStfeV^T. 
d/dH { t/d(H) > < 0.0 (4) 
0 < H < Hmax (Ct3V>T. 
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0.0 < { i/d(H) - i/d(0) } / 

Hoax : t SK3r#fll*>ES $ COfettI (*2S@) . 

vd(H) = { Nd(H) - 1 } / { 

Nd (h) : ^MX'^mmtirm. 
nf (h> : nzHTwrnmifrm. 
nc (h> : awncmrnvrm. x~hh» 

-0.3 < (N1A1 -Nld )/<MG 2 < 0.2 (7) 

Nidi : *1S«GR I NU^dUWti 2R^) 

N1A1 :»l»OGRINUyX<OC*atfFfctc*H- 

*1G : »l»4»e>GR I Nl/yXcOl^t$>l.. All 

KfelRg**jE-r 3H*5S(4L (5). (7) 
«\ ilfil:GR I NU>X£JBVVt*§-&fc:-e?)GR I 

[00 30] Jt^iPtGR I N UXX£ffiV>.&*§ 
-e<0JB#f*#*fla8ctt. fcTF^*tt(8).K.lA'(9)£M 

[ 0 0 3 1 ] -2.0 < Nidi /01G 2 < 5.0 (8) 
I N2dl /<£1G « | < 100 (9) 

Nidi : ®1^*<?)GR I Nl^Xc9dg|£^-$-.g.2iK 

N2dl : ^lffcf<7)GR I NU^X^d 4 & 
*>ffl*f 

«?!>1G :JB1»4»^)GR INU>Xtf)JBSW3T*S. 
[00 3 2] jftfrS(8)aV(9)li, »l»fcGRI 
i"X*J8lvfc*£-fc:*OGR I Nl/yXtfffitz-t^Zm 

[00 3 3] mimzGRl NUyXSJB^**^ G 
R I N U- >-X«, UlT^friSUO) Sraifc-f i £: #34 
U*. 

[0034] 

-0.2 < tflGM < 0.5 (10) 

-5.0 < (R12 + Rll )/ (R12 

rii :fRimrt*mm<?)ftm!m 

R12 : Jg 1 S»Mffi©**i|MSr* & . 
[0 0 38] ftfrsJKlDli. IlSCGRINl/yXJ 



L/d (0) S 2.0 (5) 
d/dH : 

t/d(H) : GR I NU-yXrtT-^W^^Slt^^-rSltCie? 
NF(H) - NC(H) } . (6) 

01GS : ^iffif>f^GR i NisyxemomtirJj 

<£1GM : SSlffifCOGR I m/>X<7)MM<7)m$Tj)X'$) 
*. ££T*1GS . &tf*lGM ti, JUlSWfcfflV^G 
R I N 1/ yXtoWKf} £ <*> 1G f * 4: , WTO^T* 
3*1*. 

01G = 01GS + 01GM 

<?!>igs liuyxzmni'yxtLtz^cDmiftJKmffi 
mz v >x<r>%M±omvTmT$> & . -e. <*> igm u y 

X>MB*f*$Me*#o.r J: 4«K<0»offlJ«rC. 

01GM = -2Nldl • TIG 

TIG : m 1 P"*^ GR I Nl/ ^XOWP 

Nidi :Il»GRINl/yX£7)diWn2»: 

[0035] *fr*(10){4, S1SCGRI Nl/yXJ 

aH*^(10>tf>_LK£lH;l4fc, «0r*#aH&*:*S 

#'T, WOH3MJjWEfc::*&<*r9, ^■vyA-zMflE 

MIEtfffliifcfcSOTaS L<$rV\ 
[0036] mWfcGRINl^Xl8rC«WM-4* 

^ flw»t=3ivMaiBt»ojiU'^x*»» Mfrfli&aaft 
m i isRSfJoaifc n viR**/h3 < i t 

* t , * i »wa«±j«ffl{t*«^ fx<ofl«> wtc** *> 

T\ 3fe*«<3X-Att«:?«&*fcLjt:*£-Cfc, 

-c i s 1 2 m>ssmm*-HttzMkt& - 1 * 

«6fc*4tfrca*U*. 

[00 3 7] ailRfcGRINl^Xfcffl^a*^ * 

- Rll )< 0.0 (11) 

m^zii&<F>\syxmmzmthh<DX'h&. *fl^ca 

-«(cfifth.TU*v^a*L<^rv^. ^ff^(ll)^TRl$r 
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3VJ|XII<7)fflIEtMi:^Sc7)-CS^L<^^ <> 
[0 0 3 9] ^lPtfOUyXic^H^ffl^-g.^. * 

0 < H < Hmax (CtJV^T. 

-6.0 < (0a - 00a )/01 < 5.0 (12) 

0 a : ^RRBf^WWtSSf* 

00a :?HSB?>2Viiii¥fc:.}:&«Bffb 

01 : mimnmifttlZ'h'O. 0 a iiJ:?/0 Oa 

0a = Calo ( N(H)' — N(H)) 
00a = CO ( NO' -NO ) 
ZZX\ 

calo : imw<7>&is%x'cr>mmmtc&& 
co : &ms<?mmm* 

N(H)' :^iB1ilWini*<0«Kt(-r(OJB^ 

n(h) : ?iraaffl&ff<^*8?aaff« 

no • : imm%i}ftmmMv>%.m±.x'cr>miftm 

-1.0 < { «/d(H> - fd(0) > 

i/d(H) : GR I NU->-XW^W*^Sil^(tiJtCiS§ 
Hjtft-rtKUfcjftTOiMKtff, *<Oie«U*fr3C(6) i ID 

-0.1 < (N1A2 -Nld2 )/02G 2 < 0.1 (15) 
i§.LZZX\ 

Nld2 : m 2 $¥4><7)G R I N V >X<D d Wi&ttt 2 & 

N1A2 : W2SM«OGRINU>'X<OC||RtfFlftfc:*f 
^4 2&OJBJfr*#ffiflRR. 

02G : S&23¥4><7)GR I N l^XeOSSWJ, X'hh, 
I N2d2 /02G 4 I < 100 (16) 

N2d2 : ^2l¥4>«OGR I NW-yXc0d^*f-r-S>4<?: 

02G : gl2f¥4>i7)GR I N\/>XcvmViJj . X'foh* 
S>2S¥tCGR I Nl/yXJMt^^n, GRINl/yX 

2S(CGR I NUyX^m^^lZ^rCOGR I Nl^y 

xi)mtz^*ttWLtmmmftwm.<r)3k&x'h& . ^ 

fr*(13). (14). (15)*>ttlffl£«;lJfc*&. g(2«frt-C 
<*^. 

[00 4 2] »2»K:GRINl^^X*ffll^4«^. G 

R I N i/yX(i. jaT<o*fr&»t-ri t*«sa* U*. 

0.0 < (R22 + R21 )/(R22 - 



cr>mw&x'miLx^&fi<?>mw.£ : £3mmx"Z 

<?Z>Ztlz%<0M3.L<%\<\ & fc. *ff3«(12) *>T 

[0040 1 %nw*cr>v-yx\ l zimmzm^h%£i. 
ztizvmimwiz^tuz^ immt>mz.fzc\k izz & 
s iawwant <£ 0 . s hKhw.mmnyim-x'Ztt 

[0041] S2»CGRINl/>'XilMS*&(: 

0 < H < 0.5Hmax C^JStetJWT, 
d/dH < i/d(H) > < 0.0 (13) 
0 < H < Hmax £iJVvC x 

/ i/d(0) g 0.0 (14) 
[0043] 

-0.5 < 02GM /02GS < 1.0 (17) 
02GS : S52S¥4 , OGR I NUyXemnBfflJ* 
02GM : 3S2P>f (OGR I NUyX<Oj|MJ*>JH*WJ, 
££"C*2GS . St/02GM {4. flS2»4»tCfflV^ftGR I 

4. 

02G = 02GS + 02GM 

02GS te\s>x*i>mvyxtLtzm-%cn>m%xJ){im 

02GM ttUyX^JHlff^^WoifctcJ:**!*^!* 

02GM = -2Nld2 ■ T2G 

T2G : IS2l¥tf<7)GR I Nl^yX^f, 

Nld2 : f I Nl/yX«d»Wtl. 

nimmtmm.. x-$>h. ^^aem. ss2»(cg 

R I NU>-X£fflVVfc*§£-fc:. -e^GRI NU^X^jS 
fc-f^Sftfr-C**. *feffc*(16)0±IS*>B;i6i:. S 

tt3S<16)e>TR£iB£&i:, gJfrSWPtf/h 

fc«fc*JKiaiIE£>3Wftfc*3<«r9. #JKH<0«iIE#ffl 

[ 0 0 4 4 ] St2SfCGR I NI/>X*fflV^»&. G 
R I NU^Xtt. JUT<^fefl : S:8li'^-Cfc* t a* L-t^ 
[0045] 



R21 )< 10.0 



(18) 



(7) 



WHHP 1 0-3037 



R21 : 

R22 :»2SNftfflffi<OlftS|S i l i a. T**. 
[0 04 6] *friC(18)tt. 82BteGRI Nl^Xfc 

■CS>6. *fl^(18)<OJLK*«^.fc*&tcli«ft:aiSJR 
H**Ty^-«fc:«hh.TL4^a4L<*v^ 4fc. « 
fl^(18)^TRfcttifc^WiSMinRifc& f 5!--^*-«l 

[0 04 7 3 ^2S¥SrGR I Nl^Xl8rC«MW-*» 
GRiN^yXJilWWBIKMlv^iiftftoiEi'yX 

4. 

[0 04 8] *fc£2SM*«0l'>'XtC, 4«5:<i:& 1 

bl imwzm^&ztizx^x. ftmHKJEtztt+t s 
nimmimTngkftzffitzi-zttim&L^. o < h 

< Hmax fciiVv£, 

-6.0 < (0a - 00a )/02 < 5.0 (19) 

mtzzx\ 

^a : imwomffimKmiFrj]. 

00a : ^ffi^»2Pffl^Cj:l>®*f^, 

02 :m2mcDm$Tj}. 

X'fo*). 0a fcJ;U"0Oa JU3lT^)*T**)*<t6. 
0a = Calo ( N(H) ' — N(H)) 
00a = CO ( NO' —NO) 

Calo :imffi?>&mZTcr)mf%m%:8im. 
CO : #J*EcoS?f!ft^ 
N(H)' : «I»«f ^?T'OSJf$. 
N(H) : ^^B«{i««^«-ie$^gi»f*. 

no ' : *mmmim&K*>%M±.'?f>mm+* 

NO : #^ffl«iM^^!Wi±-C'c7)S^, Tfc*. & 
«*I(19>tt, »2W+(c^RRiBS:fflV^»^fc. 
SWtf^SiftfrT**. ^fr^(19)co±RS^®!xl»i:P 
rt<»M|cH*tr«^LTV^jE<OKiRIS*^N«ffiT5 fete 
93* L<3rv*. *tt5$(19)«> 

[00 50] *2»+<OU>'X^BJlBBfcffl^ft*&, 

^ft* wBgWfflff tc-ttuar , #8®*** i t az j z> 
s&jgcomMz x *) . $ ^s^me^s^t-^ 
*£a*u>. 

[oo5i] n#m>t>iwz* n.<v®iftt>zw^m 1 



&ZkX'$£m£fto X-AUyXlz&^X . JaT«*fr 

#3* U>. 
0.3 < I 01 /02 I < 1.0 (20) 

01 :gll»tf>JI»f:ft. 

02 :J|S2»0«*f*, TabS. jfett3S;<29)li. X-A 

fsaw^-t^^fr-c. jKHaarx-^tctjwt, 

I- t,z yx&<fto t&tftik 
a^2«OHWafc*fl/C»<$:>5. »1SFC»£L 

fcJ0^*m2wt?«iE-r&<o!&«raifc*5^)'co. at 

[0052] 

19mm] MTs *JftWtc««X-APyX«. 3^x 

^-r. mT^fs^sfifi?iji~4«. mmttcmmmm 
izttiz'tittm LTi>D. mtmmzm-tu yxmmm 

L-CV^S. #^Mt:fc^t, ri (i=l,2,3 ) 

ftffcM;^£»;l'a#B<OBiSitf>ffl*s2|ig. di (i=l,2, 

3,...) (4. wftWfrt>m.z.xmB<om±.wmffiz^ 

U Ndi (1=1,2,3,...), vi(i=1.2,3....) HMWWI 

fr^mtx i&gcr>i'>xcodmzm-&mvr&. tv 

^iSc£*cT. fcftfU #HWJt, Nd<7>*KJfteGRINi (i= 

JSWMWBSlUfXrfciifcSraU #7Xr-?Ni(i 
=0,2,4 — )tz£ it, 5C(1) £S^TStf^fa**5g 

[0053] 

[*i ] 

C ■ X* 



Y=- 



1 + (1 -e - XZ'CZ) 



+ Z A I X 
i 



[0 0 54] ZZX\ 
X : *tti:ait**|ftl<OWS. 

C : iSfift^, 

ai : ixmrnmam. 

[ 0 0 5 5 ] Srfc. HiCi|+^«f-?a^7X 
*L. ^Jxtf, 1.0E2T*<XJf. 1.0Xl02$-^f-t><Oi: 



(8) 



WISH 1 1 0-3037 



[00 56] 

[*1 ] 

FL 36 . OOOmm— 49 . 991 nw — 6 8.12 3mm 
2w 63.4* -47.0' —34-8* 
Fno 4. 10-5. 10-5. SO 



[00573 
t*2] 



i n 

1* 4037.631 

2* 58.415 

3* 14.413 

4* 23.023 

5 0,000 



di Ndi 
2,50 GRIN 1 

60.354—33.945—15.860 

12.53 GRIN 2 

3.000-1 1.045—19.000 

rl 



£ 1,00000000 
A8 0.15751882E-11 



r2 e 1.00000000 

A8 -0.3841 5734E-10 

r3 £ 1.00000000 

A8 O.15130429E-08 

r4 e 1.00000000 

A8 0.17213533E-08 



A4 
A10 

A4 
A10 

A4 

A10 

A4 

A10 



O.22634139E-05 
-0.11685814E-13 

O.11O36103E-O5 
-0.15216762E-13 

-0.19553410E-O4 
0.41 388087E-1 1 

0.13B69451E-O3 
-Q.12946900E-09 



A6 
A12 

A6 
A12 

A6 

AI2 

A6 

A12 



0.37579363E-08 
0.24917647E-16 

0.28156342E-07 
0.12647225E-15 

-O.1O6039O2E-06 
-0.27849338E-13 

0.11450484E-05 
0.15656O87E-11 



[0 0 58] 
[*3 1 



GRIN 1 














dtg 


NO 


1.65446 


N1 


OJB547494E-03 


N2 


-0.57615573E-O6 




N3 


O.15723864E-09 


N4 


0.90975547E-12 






OH 


NO 


1.64881 


N1 


O.19486233E-03 


N2 


-O.586307O6E-06 




N3 


O.I64770B2E-09 


N4 


0.90997387E-12 






f » 


NO 


1.66814 


N1 


O.I5675022E-03 


N2 


-0.49493341E-06 




N3 


-0.68683695E-10 


N4 


0.11831078E-11 






GRIN 2 
















NO 


1.63854 


N1 


0.59370375E-04 


M2 


-0.25636093E-O5 




N3 


-0.35767477E-07 


N4 


0.43083265E-09 








NO 


1.63507 


N1 


0.54021718E-04 


N2 


-0.26396527E-05 




N3 


-0.3383B161E-07 


N4 


0.41322478E-09 






f m 


NO 


1 ,64655 


N1 


0.74927284E-04 


N2 


-0.25768003E-05 




N3 


-0.36009650E-07 


Hi 


0.441693E6E-09 







(9) 



1 0-3037 



FL 36 . 000mm— 50 . 000mm — 68 . 2Q0min 
2w 64.1° -47.0" -34.9' 
Fno 4.10-5.10-5.80 



[0059] 
[*4] 



i 
i 

2 

3 

4* 

5* 
6* 

7 



n 

136.008 
19.911 
31,795 
86.076 
16.201 
35.288 
0.000 



d1 

1.50 
5,15 
5.50 

42, 658-22. 394-8. 489 
14.00 

3.000-11.045-22.500 



Ndi 

1 .74400 



1/1 
44.93 



1.71736 29.42 



GRIN 1 



r4 £ 1.00000000 

Afi -0.52063633E-O9 

A14 0.6301 5766E-1 6 

r5 £ 1.00000000 

A8 0.16723337E-08 

r6 £ 1.00000000 

A8 0.48925607E-08 



A4 -O.79212103E-O5 
A10 0.42825696E-11 
A16 -0.71 706759E-t9 

A4 -0.22144183E-04 
A10 0.166170B4E-10 

A4 O.I32703B5E-03 
A10 -0.6425O783E-I0 



A6 0.2911I842E-07 
A12 -0.22550327E-13 



A6 -0. 221 22743E-06 
A12 -0.10125386E-12 

A6 0.35003003E-06 
A12 -0.18667289E-13 



GRIN 1 




















dtft 


NO 


1.63854 


N1 


0. 


972U773E-04 


M2 


-o. 


30358299E- 


■05 




N3 


-0.30714188E-07 


N4 


0. 


.34342883E-09 










ctt 


NO 


1.63507 


N1 


0. 


90B41969E-04 


N2 


-o. 


29332896E 


-05 




N3 


-0.34260219E-07 


N4 


0, 


.37243574E-09 










f « 


NO 


1.64655 


N1 


0. 


11125049E-03 


N2 


-0, 


29230969E 


-05 




N3 


-0.3S004636E-07 


N4 


0. 


. 3B1 1 6 1 50E-09 











[00 60] 
[*5 3 



(10) 



WiFPl 0-3037 



FL 29 . OOOmn— 47 .700mm — 78 . 000mm 
2cj 75.7' -48.4* -30.6* 
Fno 4.10-5.10-5.80 



1 

2 
3 
4 
5 

6* 
7* 
8* 



ri 

32.716 
16.467 
47.393 
24.B90 
29.226 
83.223 
17.318 
48.398 

o.ooo 



1.20 
10.42 
3.00 
0.56 
5.00 

39.233—1 6. 495—2.797 
18.49 
1 .002-4.995—9.980 



.77551 



SMMJ 3 
r6 



v 1 

37.90 



1.71300 53.93 



1.67339 29.25 



GRIN 1 



[0061 ] 

[*6] 



r7 



r8 



A8 

€ 
A8 



1.00000000 
-0.11945fl20E-08 

1 .00000000 
0.104+5277E-08 



£ 1.00000000 
A8 -0.61 219302^-08 



A4 -0.I7931811E-O4- 
AID 0 .6481 0B12E-1 1 

A4 -0.43588019E-05 
AtO 0 . 4525781 7E-1 I 

A4 0.69837373E-04 
AIO 0.64103407E-10 



A6 0.67609958E-07 
A12 -0.15077086E-13 

A6 0.40358792E-08 
A12 -0.37698794E-13 

A6 0.34364995E-06 
A12 -0.28100780E-12 



GRIN 1 
dtt 

f tt 



NO 1.71736 N1 
N3 -0.29324136E-0B N4 
NO 1.71028 N1 



0.15610612E-03 
0.220950Z7E-09 
0.14655336E-03 



N3 -0.27000853E-08 N4 0.21667925E-Q8 
NO 1.7346$ N1 0.18104845E-03 

N3 -0.27578690E-C8 N4 0 . 227B6648E-Q9 



N2 0.15463205E-06 



N2 D.11166026E-06 



N2 0.21402160E-O6 



[0062] 



(11) 



WRFF1 0-3 0 37 



FL 35 .995mBi — 49 .982nm — 68 . 220mm 
2cu 64.2° -47.2° — 34.8 9 
Fno 4.10-5.10—5.80 



[0063] 



n 



1* 


63.527 


2* 


37.291 


3* 


13.303 


4* 


27,834 


5* 


-12.052 


6* 


-12.366 


7 


0.000 



ill Ndi fi 

5.00 GRIN 1 

51.867-28.691-11.800 
11.65 GRIN 2 

4. 000-10. 546-16. 000 

3.81 1.74400 44.93 

7. 166 — 8.930 — 14. 141 



n 


£ 




1.00COOOOO 


A4 


-O.20093614E-O4 


A6 


0. 


18539555E-07 




A8 


0. 


14587320E-10 


A10 


-0.53813924E-13 


A12 


0. 


43566914E-16 


r2 


£ 




1.00000000 


A4 


-0.28366515E-04 


A6 


0. 


53734423E-07 




A8 


-0. 


78378549E-10 


A10 


0.10768977E-12 


A12 


-0. 


36218087E-19 


r3 


e 




1.00000000 


A4 


-0.1642846IE-04 


A6 


0. 


3521 IOOtE-07 




AS 


0. 


43864965E-03 


A10 


0.62083049E-11 


A12 


-0. 


15675516E-12 


r4 


€ 




1.00000000 


A4 


0.14001076E-03 


A6 


0. 


11415582E-05 




A8 


-0. 


10747127E-07 


A10 


-0.12M1GI1E-09 


A12 


0. 


25750993E-11 


r5 


€ 




1.00000000 


A4 


-0.28437248E-04 


A6 


0. 


1 552871 4E-06 




A8 


-0. 


20834691 E-06 


A10 


0.15018871E-10 


A12 


-0. 


15995618E-11 


r6 


£ 




1.00000000 


A4 


0.14701831E-05 


A6 


-0. 


61218425E-07 




A8 


0. 


18314250E-08 


AfO 


-0.79571149E-11 


A12 


-0. 


22202161E-12 



GRIN 1 
















d» 


NO 


1.65446 




N1 


0.56373555E-03 


N2 


-.6I291590E-06 




N3 


0.49165569E- 


12 


N4 


-0.79133907E-12 






cIS! 


NO 


1.64881 




N1 


0.56804756E-03 


N2 


-0.60363481E-06 




N3 


-0.35202135E- 


10 


N4 


-0.75282501E-I2 






f « 


NO 


1 .66814 




M 


0.54557457E-03 


N2 


-0.S9617475E-06 




N3 


0.16413222E- 


10 


N4 


-0 . 90016071 E-1 2 







GRIN 2 
dM NO 

N3 

c& NO 

m 

f« NO 

N3 



1.63854 
-0.17I19799E-07 

1.63507 
-0.18019875E-07 

1 .64655 
-0.17930027E-07 



N1 
N4 
N1 
N4 
Nt 
N4 



^<d)iid«fc^4«ffiiR£. 25tt<d)ttd|ftfc*r 



0.43O16585E-03 N2 -0.7971 0512E-06 
0.M606367E-08 

0.41911533E-03 N2 - 0 . 7852 3464E-06 
0.11558639E-08 

0.45544121E-03 N2 -0.68775905E-06 
0. 1 19051 59E-0B 

-jtffl&(c)l±cMfcttt&^^. 5&££(SC)i±IE 
<DM)i:IStt(DS>tt. Zti?tl*OTJ*1->mty- 

)vmxcr>&mzM^httmzm*$iLx^h > 



« 



(12) ftRMP 10-3037 

[00 65] wrnm9nmmi 2t. mtmmw.4 i o o e e i 





sm(6Z)- Nld2/^2~2 




1.294 


-0.098 




Nld2/<*2"2 


1.294 


0.098 


iN«di/dr4i 


lN2d2/d»2"4l 


28.026 


7.017 


<HlFl-Nldl)/dl"2 


<KICl-Nldl)/<3!"i 


-0.200 


0.065 


(MF2-ind2V62~2 


(tflCZ-Nld2)/t*2*2 


0.026 


-0.009 


rin+iin/(m-Rii> 


fR22+R21)/{R22-R21> 


-1.029 


4.348 


41GH/41G5 


<42QM/cS2GS 


0.084 


-0.057 


|^1/02| 
0.487 














(vd 


h)-i/d(0»/vd(0) 




31 




S3 


S4 




Gl 


G2 


0. Oh. max 


0.000 


o.ooo 


0.000 


0.000 


O.Ohiu 


o.m 


0.000 


0. lhmax 


-0.006 


0.004 


-0.004 


-0.0?1 


O.lhaax 


0.009 


-0.001 


0.2hsax 


-0.027 


0.0*1 


-0.014 


-0.088 


O.EKiux 


0.038 


-0.004 


0.3hnax 


-0.066 


0.066 


-0.032 


-0.204 


0.3hmax 


6.084 


-0.009 


0.4hnax 


-0 f l?0 


0.158 


-0.056 


-0.378 


0.4haax 


0.147 


-0 t Q17 


Q.Shux 


-0.230 


p,gi3 


-0.083 


-0.617 


0.5ha*x 


0.225 


-0.027 






0.531 


-0.111 


-0.920 


Q.6hoax 


0.321 


-0.039 


O.Thaax 


-0.586 


0.801 


-0.130 




0.7hMX 


0.436 


-0.053 


0.8hnaz 


-0.906 


1.126 


-0.130 


— *B 


O.Bhmx 


0.575 


-0.071 


0. Shsu 


-1.463 


1.580 


-0.101 


-1.995 


0.9h»wc 


0.733 


-0.091 


l.Ohraax 


-2.55S 


2.343 


-0.034 


-2.297 


li9b"« 


0.861 


-0.117 



[0067] imio] 



SKn(<*2) - Nld2/t#2"2 




-0. 156 


Nld2/4Z~Z 


0.156 


lNZd2/42~4l 


7.833 






£HlF2-Hld2)/<42*2 


(NlC2-Nld2>/<*2~2 




0.023 


-0.010 


{R22+R2n/(R22-R21) 






2.698 




<*2GH/*2GS 


-0.012 


|*1/02| 
0.617 












( vd(h)-vd(0)Vvd(0) 




S4 


S5 


S3 




G3 


0. Oh m ax 


0.000 


0.000 


0.000 


O.Ohmax 


0.000 


O.lhfflax 


-0.008 


0.004 


0.020 


0.1 hmax 


-0.001 


0.2 hoax 


-0.032 


0.018 


0.081 


0.2 h max 


-0.004 


0.3haax 


-0.069 


0.043 


0.184 


C.3hmax 


-0.010 


0.4hnax 


-0.121 


0.079 


0.333 


0.4 h max 


-0.018 


0.5 hoax 


-0.196 


0.125 


0.532 


0.5 hmax 


-0.028 


0,6hnax 


-0.303 


Q.m 


0.784 


0.6 hmax 


-0.041 


0.7hmax 


-0.457 


0.212 


1.082 


0.7 hoax 


-0.056 


0.8hmax 


-0.690 


0.216 


1.405 


0.8 h max 


-0.074 


0.9 hoax 


-1-044 


0.164 


1.700 


0.9 h max 


-0.096 


1. Oh max 


-1.558 


0.042 


1.880 


l.OhtnaJt 


-0.120 



[00 683 



[*1 1 ] 



(13) 



nmy- 10-3037 



SRn(<*2) * Nld2/Ci2~2 




-0. 195 


Nld2/tf2~2 


0.195 


lN2d2/t*r4l 


0.242 






(M?2-NldZ)/tf2"2 


(NlC2-Nld2)/<i2"2 




0.031 


-0.012 


(R22+R21)/(R22-R21) 






2.114 




dS2GM/<i2GS 


-0.013 


Ml/*2| 

1.395 












( vd(h)-vd(0»/vd<0) 




54 


S5 


S6 




G3 


0.0 hmax 


0*000 


0.000 


0.000 


3. Oh max 


0.000 


O.lhnax 


-0,017 


0.001 


0.012 


0.1 hmax 


-0.001 


0.2hmax 


-0.064 


0.003 


0.049 


0.2hmax 


-0.004 


0.3hmax 


-0.140 


0.007 


0.113 


0.3huax 


-0.010 


0.4 h max 


-0.251 


0.007 


0.206 


0.4hmax 


-0.018 


0.5 hmax 


-0.421 


-0.001 


0.328 


O.Shmax 


-0.029 


O.Bhnax 


-0.682 


-0.031 


0.476 


0.6 hmax 


-0.042 


0.7hmax 


-1.069 


-0.096 


0.647 


0.7hmax 


-0.059 


0.8 hoax 


-1.665 


-0.208 


0.835 


0.8 hmax 


-0.079 


0.9 hoax 


-2.815 
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